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Abstract 
A novel magnetic nanocomposite based on a negative tone epoxy photoresist and magnetic colloidal Fe2O3 
nanocrystals (NCs) has been manufactured. The magnetic properties and the UV-photostructurability of the 
nanocomposite have been investigated. After the incorporation, the Fe2O3 NCs preserve their magnetism which is 
conveyed to the photoresist and retained after the UV-lithography process. High aspect ratio 3D microstructures 
have been fabricated by processing the nanocomposite with conditions comparable to those used for the pure 
photoresist. AFM probes on the Fe2O3 NC modified photoresist have been fabricated to confirm suitability and 
applicability of the preparation procedure and of the novel nanocomposite. 
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1. Introduction 
Nanocomposites based on polymers and nanoparticles represent a class of high impact functional materials, able 
to convey the unique size- and shape- dependent properties of the nano-objects to highly processable resins1. The 
incorporation of nanocrystals (NCs) in epoxy-type photoresists allows conveying properties to such class of 
outstanding photo-structurable polymers which lack of inherent functionalities, but grant superior lithographic 
performances when patterned by standard UV-lithography2. The current challenge consists on the incorporation of 
magnetic colloidal Fe2O3 NCs in a negative tone epoxy-type photoresist to convey magnetism maintaining its 
patterning resolutions required for manufacturing bio-micro/nanoelectromechanical systems (Bio-MEMS/NEMS). 
Iron oxide nanoparticles have been recently attracted interest for their magnetic properties exploited in high-density 
magnetic information storage devices, magnetic resonance imaging and drug-delivery vehicles and for their 
photo/catalytic and gas-sensing properties used in environmental purposes3. In this work, the approach recently 
optimized by the authors4 for the incorporation of luminescent colloidal core shell CdSe@ZnS NCs in the same 
epoxy photoresist has been applied. The nanocomposite preparation has relied on the dispersion of organic capped 
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Fe2O3 NCs in an epoxy photoresist formulation by using a common solvent. Pre-synthesized colloidal Fe2O3 NCs 
have been incorporated in an anisole based epoxy photoresist formulation that has shown a promising chemical 
compatibility with the organic surface capping of colloidal NCs providing a successful fabrication of 3D high-
aspect-ratio microstructures4. After the incorporation in the photoresist, the Fe2O3 NCs retain their magnetic 
properties which are conveyed to the photostructurable matrix and are not affected by the UV-lithography 
fabrication process. Nanocomposite films of the Fe2O3 NC modified photoresist have been patterned in conditions 
comparable to those used for the pure resist and permanent structures have been fabricated with a micrometer scale 
resolution, confirming the preservation of the overall UV-structuring capability.  
Finally, the suitability and applicability of the preparation procedure and of the novel magnetic nanocomposite in 
fabricating permanent components have been demonstrated. The new material has shown outstanding properties as 
structural material for AFM probes. The achieved protocol can be extended to the fabrication of permanent 
functional microstructures to integrate in Bio-/MEMS and miniaturized devices for sensing, environmental, 
information storage and biomedical purposes.  
  
2.  Experimental Section  
Oleic acid (OLEA)-capped Fe2O3 NCs, 11 nm in diameter, have been prepared5 and then dispersed in toluene. 
For the nanocomposite preparation, 200 µl of a 0.75 M toluene solution of Fe2O3 NCs have been added to 5 g of an 
anisole based epoxy photoresist formulation. The overall NC concentration in the photoresist solution is 2 × 10-3 M. 
The mixture has been sonicated with ultrasounds at room temperature until complete dispersion of the NCs in the 
photoresist solution.  
Magnetic measurements have been performed using a Quantum Design SQUID magnetometer. Hysteresis loops 
have been measured at 2.5 K in the field range ± 5 Tesla. The data have been corrected for the diamagnetic 
contribution of the substrate which has been separately measured. 
The fabrication procedures have been performed in clean room under yellow light. Resolution tests have been 
carried out in order to obtain the best exposure doses for the modified resist. Layers of photoresist have been spin-
coated with a thickness of 5 μm and exposed with an UV-lamp (365 nm). All the processes (soft bake, post-exposure 
bake, development and hard bake) have been carried out as reported elsewhere6. The fabrication process of 
photoplastic AFM probes has been based on multiple spin-coating, exposure and development steps of the negative 
tone epoxy photoresist on a silicon wafer, being the latter used as a mould for the tip6. Scanning Electron 
Microscopy (SEM) micrographs have been obtained coating the structures with a thin layer of evaporated gold (~ 20 
nm), which can slightly modify the final dimension of the imaged features.  
3. Results and discussion 
OLEA-capped magnetic NCs have been synthesized by the well-assessed colloidal technique occurring with the 
thermal decomposition of the precursors in hot coordinating solvents5. After a post-synthetic procedure toluene 
solutions of the NCs have been dispersed in an anisole based formulation of a negative tone epoxy photoresist. Such 
a formulation provides the best suitability for NC dispersion4. The nanocomposites have been deposited onto silicon 
substrates as thin films by spin-coating and have been thermally treated according to the typical pre-baking process 
of the photoresist6 to allow the evaporation of the solvent and enhance the adhesion to the substrate. Fig. 1 compares 
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Fig.1. Hysteresis curves of Fe2O3 NC modified epoxy photoresist nanocomposite films spin-coated on silicon UV- (A) and not UV-exposed (B) 
compared to that of the Fe2O3 NCs in chloroform (C). For the purpose of clarity the enlargment of the loop in the ± 1 T field region is shown.  
 As shown by Figure 1, the hysteresis curves measured at 2.5 K, after the removal of the diamagnetic contribution 
of the substrate, do not significantly differ upon NC incorporation in the nanocomposite and after the UV-
lithography process. At low temperature for all the investigated samples the particles are in the blocked state 
providing open hysteresis loops with coercivities of 55 mT and reduced remnant magnetizations, H0T/H5T between 
0.25 and 0.35.   
Both the pure resist and the Fe2O3 NC modified epoxy photoresist have been processed in a clean-room 
environment under the same UV-lithography conditions6. 5 μm thick finger-like structures have been fabricated on 
both the nanocomposite and on pure resist with different widths and pitches to determine and compare dose and 
resolution. Then, the fabricated structures have been characterized morphologically.  
Fig. 2 shows the scanning electron microscopy (SEM) top-view image of the finger-like structures on the Fe2O3 
NC modified epoxy photoresist.  
 
 
Fig. 2. SEM images of finger-like features formed of the Fe2O3 NC modified epoxy photoresist.  
A reduction in the resolution of the nanocomposite with respect to that of the bare photoresist has been observed. 
As shown by Fig. 2 the width and pitch of the developed finger-like structures on the Fe2O3 NC modified epoxy 
photoresist are 3.8 μm and 6.1 μm, respectively, while those of the pure resist are 2.2 μm and 4.0 μm (data not 
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shown), respectively. At the same time, the need to increase of the exposure dose of the nanocomposite with respect 
to that of the pure photoresist has been recognized. Namely, the nanocomposite has been patterned with an exposure 
dose of 108 mJ/cm2 and the pure photoresist with a dose of 72 mJ/cm2. Such evidence can be reasonably accounted 
for by a decrease of the optical transparency of the photoresist upon the NC incorporation.  
AFM investigations of the finger-like structures show morphology compatible with the formation of NC 
aggregates as well as the occurrence of holes, whose sizes range from few to tens of nm on the surface of the 
microstructures (data not shown). The aggregation could be reasonably ascribed to possible phase separation 
phenomena that occur at the interfaces between the NCs and the photostructurable matrix, probably originated from 
a low chemical compatibility of the NC surface chemistry with the host resist4. In addition, the NC superstructures 
can also originate from an inhomogeneous assembly induced by interdigitation of the NC capping alkyl chains7. 
Both the confined phase separation phenomena and the NC aggregation can reasonably explain the occurrence of the 
holes4. Finally, the segregation phenomena locally occurring at the nanocomposite surface can also likely provide a 
local change in surface tension with a concomitant, confined, variation of solvent evaporation during film 
deposition8. 
The results obtained from the morphological investigations of the Fe2O3 NC modified epoxy photoresist 
demonstrate that the lithography properties of the nanocomposite match the requirements for MEMS and 
microdevices fabrication, because a micromachining process can be effectively carried out achieving a micrometer 
scale patterning resolution. Namely, light reflection, scattering and diffraction phenomena may assist the cross-
linking of the photoresist matrix upon exposure with UV-light. In addition, multiple diffraction and scattering of 
light allow for the exposure of the photoresist volume behind the NCs being the used exposure wavelength larger 
than the dimension of the NCs dispersed in the photoresist. At the same time, multiple scattering and reflection 
phenomena of light from the NC aggregates aid further light penetration in the photosensitive moiety.  
AFM probes on the novel magnetic Fe2O3 NC modified epoxy resist have been designed and fabricated in order 
to confirm the suitability and applicability of both the preparation protocol and novel material for MEMS and 
integrated microdevice purposes. Fig. 3 shows a SEM image of a manufactured AFM probe.  
 
(a)  (b)  
Fig.3. a) SEM image of an AFM probe made of the Fe2O3 NC modified epoxy based photoresist. (b) Zoom of the tip apex. 
The AFM probe presents a tip apex radius below 30 nm (Fig.3 b) attesting for the outstanding feasibility of the 
novel nanocomposite material for fabricating permanent components which possess highly resolved features.  
4. Conclusions 
Novel nanocomposite material based on a negative epoxy photoresist and magnetic colloidal Fe2O3 NCs have 
been successfully manufactured by setting up suited processing protocol. The incorporation of the magnetic NCs 
adds magnetic characteristics to the photoresist without modifying its outstanding UV-structurability. The Fe2O3 NC 
modified epoxy photoresist has been successfully patterned by applying UV-lithography parameters typically used 
for commercially available epoxy formulations and the micromachining process does not negatively affect the 
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magnetism. Multiple diffraction and scattering phenomena arising from the NCs and diffraction and reflection from 
related aggregates allow the proper photopolymerization of the photoresist. 3D high aspect ratio microstructures 
have been fabricated with a micrometer scale resolution that complies well with the resolution required for MEMS 
and integrated microdevices. The efficiency of the method and the suitability of the novel material for permanent 
application have been demonstrated by fabricating microcomponents as AFM probes. The promising properties of 
such a novel nanocomposite can be exploited for manufacturing functional microcomponents to integrate in Bio-
/MEMS and miniaturized devices for sensing, environmental, information storage and biomedical purposes. In 
addition, the achieved modification protocol can be extended to other classes of colloidal NCs with specific 
(semi)conductive, mechanical and optical functionalities.  
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